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Abstract
Objective Helicobacter pylori (HP) is known to play an important role in the development of gastric cancer (GC). The aim 
of this study was to analyze the effect of HP eradication on the survival rate and cancer recurrence in patients who underwent 
subtotal gastrectomy for GC.
Design Totally 1,031 patients diagnosed with gastric adenocarcinoma who received surgical treatment at the Seoul National 
University Bundang Hospital from 2003 to 2017 and positive for HP infection were analyzed. The overall and GC-related 
survival according to HP eradication were compared; risk factors for GC-specific death and cancer recurrence were analyzed, 
and propensity score matching (PSM) was performed.
Results Statistically significant benefits of overall and GC-specific survival were observed in the eradicated group compared 
to the non-eradicated group (P < 0.001), and these benefits were maintained after PSM (P < 0.001) in both of early and 
advance stage. In Cox proportional hazards multivariate analyses, cancer stage (stage II, adjusted hazard ratio [aHR] = 9.33, 
P < 0.001; stage III or IV, aHR = 26.17, P < 0.001), and HP positivity (aHR = 3.41, P = 0.001) were independent risk factors 
for GC-specific death; cancer stage (cancer stage II, aHR = 7.08, P < 0.001; cancer stage III or IV, aHR = 19.64, P < 0.001) 
and HP positivity (aHR = 2.70; P = 0.005) were independent risk factors for cancer recurrence.
Conclusion Our results suggest that HP needed to be conducted more intensively in patients who are surgically treated for 
GC, regardless of cancer stage.
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Introduction

Helicobacter pylori (HP) is known to play an important 
role in the development of gastric cancer (GC) [1, 2], how-
ever, the effects of HP on the survival of patients with GC 
have not yet been clarified. Some studies have reported 
poorer outcomes in patients who were HP negative after 
gastrectomy [3–5]. In these studies, HP-negative status 
was an independent predictive factor for a poor prognosis 
in overall survival [3, 5], GC-specific survival [4], and 
relapse-free survival [3]. However, it is widely accepted 
that the eradication of HP reduces the recurrence of 
tumors and improves survival in patients who underwent 
endoscopic resection for early gastric cancer (EGC) [6, 7]; 
thus, HP eradication treatment after endoscopic treatment 
of EGC is recommended in most guidelines. In addition, 
in the presence of premalignant lesions of GC such as 
atrophic gastritis and intestinal metaplasia, HP infection 
has been reported to increase the risk of GC by 4–6 times 
compared to patients who were HP negative [8, 9], and 
HP eradication leads to the improvement of premalignant 
conditions after gastrectomy [10, 11]. However, a signifi-
cant survival benefit from HP eradication in patients who 
underwent gastrectomy for GC has not been shown to date. 
This is due to the difficulty of performing an analysis in 
a big cohort of patients with GC which is very heterog-
enous, and GC survival is mainly determined by the TNM 
classification among patients with advanced gastric can-
cer (AGC). Thus HP eradication is strongly recommended 
only in patients with EGC, so far. However, if both of 
medical cohort and surgical cohort regarding EGC and 
AGC patients are prospectively collected for their treat-
ments regarding surgery, chemotherapy and HP eradica-
tion from early 2003 then it migt be valuable to analyze 
the effect of HP eradication treatment on survival of GC 
regardless of cancer stage.

A clinical data warehouse (CDW) is a system devel-
oped for the utilization of electronic medical records 
(EMR) in further data analysis and index monitoring. It 
has been proven to be powerful and effective, especially 
with regard to long-term follow-up. The Seoul National 
University Bundang Hospital (SNUBH) which has been 
opened in 2003 has been using a comprehensive in-house 
EMR from beginning [12]; thus, its CDW has been widely 
used for medical research along with the Korea National 
Health Insurance Service (NHIS) claims database [13–17]. 
In addition, SNUBH is the leading hospital for GC treat-
ment and HP eradication with multidisciplinary approach 
from 2003. From this background, we hypothesized that 
a significant benefit of HP eradication in the patients with 
GC who underwent gastrectomy could be proven in terms 
of overall and GC-specific survival using the CDW of 

SNUBH along with surgical and medical cohort. Finally, 
the aim of this study was to investigate the effect of HP 
eradication on the survival rate and cancer recurrence in 
patients who underwent surgical resection for GC.

Methods

Study population

Initially, 3,025 patients with > 18 years of age were chosen 
from prospective surgical cohort who were diagnosed with 
gastric adenocarcinoma and underwent surgical treatment 
at SNUBH from 2003 to 2017, and who were tested for HP 
(Fig. 1). Among them, 679 patients have been enrolled as 
a prospective medical cohort by NK [18, 19]. The follow-
ing patients were excluded; patients who underwent total 
gastrectomy, patients who received only palliative surgery, 
patients who were lost to follow-up, and patients who had an 
uncertain HP status [20]. Patients who were initially nega-
tive for HP or patients who were spontaneously converted 
to HP negative during follow-up without eradication and 
who had a history of HP eradication therapy prior to surgery 
were excluded for clear data analysis (Fig. 1). Patients who 
did not follow the HP eradication protocol (Supplementary 
Fig. 1, see online), that is, received HP eradication 2 years or 
more after surgery were also excluded. Finally, 1031 patients 
with HP positivity and follow-up data were selected for the 
analysis (Fig. 1). Medical records of these patients including 
death, recurrence of GC, histologic type of cancer, surgi-
cal methods used, and social history such as the family his-
tory of GC, sex, age, and alcohol and smoking history were 
collected and reviewed using the CDW as well as surgical 
and medical cohort. The dates and causes of death of the 
enrolled patients were cross-reviewed with data from the 
National Statistical Office for verification. The study was 
reviewed and approved by the Institutional Review Board 
(IRB) of SNUBH (IRB number B-1902–523-107), and reg-
istered at clinicaltrials.com (NCT 03978481).

HP status evaluation

The HP infection status was determined by histologic exami-
nation with the Giemsa staining method, the rapid urease 
test (CLOtest, Delta West Ltd., Bentley, WA Australia) and/
or culture from the antrum and body, respectively, when 
GC was diagnosed by biopsy [21]. The diagnosis of GC 
was confirmed again histologically with removed surgical 
specimen. Postoperatively, the HP test using Giemsa staining 
and the rapid urease test were performed from the biopsies 
taken from the lesser curvature (one piece) and the greater 
curvature (one piece) of the mid-body of remained stomach, 
respectively, and both of lesser curvature (one piece) and 
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the greater curvature (one piece), together to increase the 
chance of HP detection. Patients with one or more positive 
results were confirmed as having an HP-positive infection. 
Patients with all three negative results were regarded as HP 
negative and excluded from the analysis. In addition, some 
cases who showed dynamic changes of HP status, especially 
in the presence of intestinal metaplasia [20, 22] were also 
excluded from this analysis.

HP eradication therapy and follow‑up

Patients who were diagnosed with GC and received gas-
trectomy were followed-up annually after surgery by 
esophagogastroduodenoscopy (EGD), tested for HP at 
their first follow-up EGD after surgery, and recommended 

HP eradication routinely in case of HP positive histol-
ogy result. Patients were recommended to receive anti-HP 
therapy and patients decided freely to take them or not, as 
there was no strict guideline for HP-eradication after sur-
gery for GC the recommendation was not so strong until 
2017. If the patients refused to receive the HP eradica-
tion therapy initially the patients had several opportuni-
ties to take anti-HP therapy when the HP tests were posi-
tive during regular check-up gastroscopy. When adjuvant 
chemotherapy was started which took about 6 months then 
the patients took anti-HP therapy after the completion of 
schedule. Finally, HP-positive patients who did not treat 
for HP or received HP eradication within 2 years after 
surgery were included, and patients who had a history of 
HP eradication therapy prior to surgery or received HP 

Fig. 1  Study algorithm for the 
inclusion and classification of 
patients

Gastric cancer with 
opera�on

(3,025)

Exclusion (1,646) 
- Total gastrectomy (629)
- Pallia�ve surgery only (68)
- Uncertain for H. pylori-posi�vity (732)
- Spontaneously conversed to H. pylori-

nega�ve without eradica�on (217) 
- Did not follow the eradica�on protocol  

(348)Cura�ve surgery
Definite H. pylori-

posi�ve
(N = 1,031 / 100%)

Treated for 
eradica�on

(n = 467 / 45.3%)

Not treated
Persistently posi�ve

(n = 564 / 54.7%)

Eradica�on
Failure 

(n = 16 / 1.6%)

Successfully 
eradicated

(n = 451 / 43.7%)

Non-eradicated
(n = 580 / 56.3%)
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eradication 2 years or more after surgery were excluded to 
avoid immortal time bias for survival analysis.

HP-positive subjects were treated with initial eradication 
therapy, which was consisted of triple therapy before 2012 
[23, 24], and 10-day sequential therapy was frequently per-
formed since 2012 [25] as our team found the rapid decrease 
of eradication rate of triple therapy with an increase of resist-
ance of clarithromycin [23]. The triple therapy regimens 
consisted of a combination of a standard dose of esome-
prazole 40 mg twice per day, amoxicillin 1 g twice per day, 
and clarithromycin 500 mg twice per day for 1 week [23, 
24]. The 10-day sequential therapy includes esomeprazole 
40 mg, amoxicillin 1000 mg twice per day for 5 days fol-
lowed by esomeprazole 40 mg, clarithromycin 500 mg and 
metronidazole 500 mg twice per day for the next 5 days [25]. 
The assessment of HP eradication was performed by the 
13C-urea breath test (UBiTkit; Otsuka Pharmaceutical Co., 
Ltd., Tokyo, Japan) 4 weeks after the eradication therapy 
(if there was a possibility of false-positive then follow-up 
gastroscopic biopsy was performed again) or by histology 
(Giemsa stain) and the rapid urease test when the follow-up 
gastroscopy was scheduled soon. The patients chose another 
eradication therapy if the first-line regimen failed: either a 
14-day quadruple regimen containing bismuth (esomepra-
zole 40 mg twice per day, tripotassium dicitrate bismuth-
ate [Denol; Green cross Corp., Yongin, Korea] 300 mg four 
times per day, metronidazole 500 mg three times per day 
and tetracycline 500 mg four times per day) or a 14-day 
moxifloxacin-based triple therapy (moxifloxacin [Avelox; 
Bayer AG, Leverkusen, Germany] 400 mg daily, esomepra-
zole 40 mg twice per day, and amoxicillin 1 g twice per 
day) [24]. The follow-up gastroscopy for GC recurrence was 
performed every 6 months until 2 years after operation and 
then every 1 year thereafter.

Statistical analysis

The studied outcomes were overall survival, gastric cancer-
specific survival, and gastric cancer recurrence. Cox pro-
portional hazards univariate and multivariate analyses were 
used for the identification of risk factors, and variables hav-
ing a P value of less than 0.2 in the univariate analyses were 
used as covariates for the multivariate analysis. Proportional 
risk assumptions were verified by observed-expected plot 
(Supplementary Fig. 2, see online). The Kaplan–Meier esti-
mator method and log-rank tests were used for comparisons 
of survival. An additional analysis was performed using 
propensity score matching (PSM) for detailed comparison 
of the eradicated and non-eradicated groups since there 
were differences between the two groups. The type of can-
cer, sex, age, and surgical methods used were matched 1:1 
using PSM, and all standard mean differences of each variant 
were under 0.2. Analyses were performed using IBM SPSS 

Statistics software (version 25.0; IBM Corp., Armonk, NY, 
USA). A P value of less than 0.05 was established to indicate 
the level of significance.

Results

A total of 1,031 patients were enrolled, and 564 (54.7%) 
patients were not treated for HP. Among 467 patients, 451 
(43.7%) patients were successfully eradicated, and the eradi-
cation failed in 16 (1.6%) patients (Fig. 1). There was no 
change in the percentage of eradicated patients over time. 
Totally 66 patients out of 1031 (6.4%) were found to be 
recurred, 8 patients in EGC group (8 out of 678, 1.2%) and 
58 patients in AGC group (58 out of 353, 16.4%). The inci-
dence of cancer recurrence was higher in the non-eradicated 
group (56 out of 580, 9.6%) compared to the treatment group 
(10 out of 451, 2.2%). Regarding the recurrence sites were 
as following: in the eradicated group (10 cases), recurred 
sites were peritoneal seeding (including cases which were 
difficult to verify the exact location of the recurrence such 
as malignant ascites, multiple abdominal and pelvic cavity 
lymph node enlargements, or adhesive ileus, 60%), anasto-
mosis site recurrence (30%), bone metastases (10%). In the 
non-eradicated group, recurred sites were peritoneal seed-
ing (60%), hepatobiliary metastases (25%), anastomosis site 
recurrence (7%), lung or thorax lymph node enlargement 
(4%), and brain or leptomeningeal metastases (4%). In both 
groups, peritoneal seeding was more than a half since most 
recurred cancer cases were revealed as advanced cancer 
stage. In the eradicated group, anastomosis site recurrence 
was the second, while hepatobiliary metastases were the sec-
ond in non-eradicated group. The number of recurred cases 
were too small to find statistical significance.

The overall characteristics of the enrolled patients and 
inter-group differences allocated by HP eradication are 
shown in Table 1. The median age was 59 years (interquar-
tile range [IQR], 49 to 68 years), and the median follow-up 
period was 67 months (IQR, 69 to 124 months, maximum 
179 months; 306 patients had longer than 10-year follow-
up period). Early gastric cancer (EGC) patients were 65.8% 
and advanced gastric cancer (AGC) patients were 34.2% of 
overall, which is consistent with previous surveys of Korea 
[30, 31]. Patients in the eradicated group were statistically 
younger, had an earlier stage cancer, underwent Billroth I 
reconstruction compared to the patients in the non-eradi-
cated group (Table 1). However, there was no difference in 
terms of adjuvant chemotherapy (P = 0.986) (Table 1).

Comparisons of overall survival

In the analyses for OS using the Kaplan–Meier method 
(Fig.  2a), a survival benefit was observed in the 



1055Effect of Helicobacter pylori eradication after subtotal gastrectomy on the survival rate…

1 3

HP-eradicated group compared to the non-eradicated 
group. The P-value using the log-rank test also reached the 
level of statistical significance (P < 0.001). To exclude the 
effect of other possible factors on the OS, PSM was used 

(Supplementary Fig. 3 and Supplementary Table 1, see 
online). Analyses after PSM (Fig. 2b) also showed statistical 
significance (P < 0.001). In addition, a survival benefit was 
observed in the sub-analysis according to cancer type in the 

Table 1  Baseline characteristics 
of enrolled patients depending 
on Helicobacter pylori 
eradication

Data are presented as number (%) or mean ± standard deviation
P-value was calculated using student’s T-test for continuous variables; Chi-square test for categorical vari-
ables
Reference: HP, Helicobacter pylori; GC, Gastric cancer
Bold style indicates statistical significance

Variant Total (%) (N = 1031) Allocation by HP eradication

Successfully eradi-
cated (%) (n = 451)

Eradication failure 
or not treated (%) 
(n = 580)

P-value

Sex
 Female 364 (100) 163 (44.8) 201 (55.2) 0.620
 Male 667 (100) 288 (43.2) 379 (56.8)

Cancer type
 EGC 678 (100) 340 (50.1) 338 (49.9)  < 0.001
 AGC 353 (100) 111 (31.4) 242 (68.6)

Age (mean ± SD) 58.18 ± 12.27 55.62 ± 10.66 60.16 ± 13.05
Operation methods  < 0.001
 B-I (G-D stomy) 641 (100) 295 (46.0) 346 (54.0)  < 0.001
 B-II (G-J stomy) 316 (100) 112 (35.4) 204 (64.6)
 PG or wedge resection 74 (100) 44 (59.5) 30 (40.5)

Family history of GC
 No 854 (100) 374 (43.8) 480 (56.2) 0.943
 Yes 177 (100) 77 (43.5) 100 (56.5)

Smoking history
 No 570 (100) 246 (43.2) 324 (56.8) 0.673
 Yes 461 (100) 205 (44.5) 256 (55.5)

Alcohol history
 No 534 (100) 231 (43.3) 303 (56.7) 0.745
 Yes 497 (100) 220 (44.3) 277 (55.7)

Atrophic gastritis
 No 743 (100) 309 (41.6) 434 (58.4) 0.025
 Yes 288 (100) 142 (49.3) 146 (50.7)

Intestinal metaplasia
 No 592 (100) 261 (44.1) 331 (55.9) 0.796
 Yes 439 (100) 190 (43.3) 249 (56.7)

Histologic type
 Intestinal 542 (100) 232 (42.8) 310 (57.2) 0.373
 Diffuse 436 (100) 191 (43.8) 245 (56.2)
 Mixed 53 (100) 28 (52.8) 25 (47.2)

Cancer stage
 I 785 (100) 387 (49.3) 398 (50.7)  < 0.001
 II 156 (100) 46 (29.5) 110 (70.5)
 III or above 90 (100) 18 (20) 72 (80)

Adjuvant chemotherapy
 No 825 (100) 361 (43.8) 464 (56.2) 0.986
 Yes 206 (100) 90 (43.7) 116 (56.3)



1056 Y. Choi et al.

1 3

HP-eradicated group compared to the non-eradicated group 
before and after PSM, with statistical significance [P < 0.001 
in both of EGC (Supplementary Fig. 4A) and AGC group 
(Supplementary Fig. 4B) before PSM; P < 0.001 in both of 
EGC (Fig. 4a) and AGC group (Fig. 4b) after PSM].

Comparisons of GC‑related survival

In analyses for GC-related survival using the 
Kaplan–Meier method (Fig. 3a), a survival benefit was 

observed in the HP-eradicated group compared to the 
non-eradicated group. The P-value using the log-rank test 
reached the level of statistical significance (P < 0.001). 
Analyses after PSM (Fig. 3b) also showed statistical sig-
nificance (P < 0.001). In addition, a survival benefit was 
observed in the sub-analysis according to cancer type in 
the HP-eradicated group compared to the non-eradicated 
group before and after PSM, with statistical significance 
[P = 0.009 in EGC group (Supplementary Fig.  4C), 
P < 0.001 in AGC group (Supplementary Fig. 4D) before 

Fig. 2  Comparisons of overall 
survival depending on Helico-
bacter pylori eradication. The 
benefits of overall survival were 
observed in the successfully 
eradicated group before (a) 
and after (b) propensity score 
matching compared to non-
eradicated group, with statistical 
significance (P < 0.001). Cumu-
lative survival was calculated 
using Kaplan–Meier estimates; 
the p-value was calculated using 
the log-rank test
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PSM; P = 0.045 in EGC group (Fig. 4c), P = 0.011 in AGC 
group after PSM (Fig. 4d)].

Univariate and multivariate analyses for GC‑specific 
mortality and GC recurrence

Results of the univariate and multivariate analyses for GC-
specific mortality are shown in Table 2. In the analysis 
for GC-specific death, age ≥ 60 years, operation method 
used, histologic type (diffuse type), final cancer stage after 

surgery, adjuvant chemotherapy, and non-eradicated for HP 
were associated factors. When multivariate analysis was per-
formed, final cancer stage (stage II, aHR = 9.33, P < 0.001; 
stage III or above, aHR = 26.17, P < 0.001) and non-eradi-
cated group (aHR = 3.41, P < 0.001) were independent risk 
factors. Age ≥ 60 years (aHR = 1.52, P = 0.078) and diffuse-
type histology were marginally associated with GC-specific 
death (aHR = 1.57, P = 0.072).

Results of the univariate and multivariate analyses for 
cancer recurrence are shown in Table 3. In the univariate 

Fig. 3  Comparisons of gastric 
cancer-specific survival depend-
ing on Helicobacter pylori 
eradication. The benefits of 
gastric cancer-specific survival 
were observed in the success-
fully eradicated group before (a) 
and after (b) propensity score 
matching compared to non-
eradicated group, with statistical 
significance (P < 0.001). Cumu-
lative survival was calculated 
using Kaplan–Meier estimates; 
the P value was calculated using 
the log-rank test
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analysis for GC recurrence, operation method used (Billroth 
II), histologic type (diffuse type), final cancer stage after 
surgery, adjuvant chemotherapy, and non-eradicated for HP 
were associated factors. When multivariate analysis was per-
formed, final cancer stage (stage II, aHR = 7.08, P < 0.001; 
stage III or above, aHR = 19.64, P < 0.001) and non-eradi-
cated group (aHR = 2.70, P = 0.005) were independent risk 
factors. Diffuse type histology was marginally associated 
with GC recurrence (aHR = 1.61, P = 0.076).

Discussion

Our study suggested that HP eradication after subtotal gas-
trectomy brought the significant benefit of overall- or gastric 
cancer-specific survival in a large cohort and long-term fol-
low-up study with up to 15 years of follow-up and over 300 
patients with follow-up longer than 10 years. In addition, 

statistically significant survival benefits were observed in 
sub-group analysis according to cancer types such as EGC 
and AGC, before and after PSM. In addition, multivariate 
analysis showed that the final cancer stage and non-erad-
icated group were independent risk factors. HP positivity 
as well as final cancer stage were independent risk factors 
for GC-specific death in Cox proportional hazards univari-
ate and multivariate analyses. Moreover, HP positivity and 
final cancer stage were independent risk factors for cancer 
recurrence. As far as we know this is the first report to date 
showing the survival gain of HP eradication after subtotal 
gastrectomy not only in EGC but also in AGC.

It is well established that HP plays a crucial role in the 
occurrence of GC, and HP eradication is now recommended 
widely in most guidelines for patients who received endo-
scopic resection for EGC, as HP eradication prevented EGC 
recurrence and a survival benefit [7, 28, 29]. In addition, 
the eradication of HP improves the atrophic gastritis and 

Fig. 4  Comparisons of overall 
and gastric cancer-specific 
survival depending on Helico-
bacter pylori eradication and 
cancer type after propensity 
score matching. Overall survival 
in early gastric cancer (EGC) 
(a) and advanced gastric cancer 
(AGC) (b) patients, gastric 
cancer-specific survival in EGC 
(c) and AGC (d) patients. The 
benefits of gastric cancer-
specific survival were observed 
in the successfully eradicated 
group compared to non-erad-
icated group in all cases, with 
statistical significance. Cumula-
tive survival was calculated 
using Kaplan–Meier estimates; 
the P-values were calculated 
using the log-rank test
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intestinal metaplasia in the general population [30], and 
in patients treated surgically for GC [10, 11]. In particu-
lar, in Japan, which has a high incidence of GC, they have 
expanded their treatment guidelines and medical insurance 
coverage to treat HP in all patients who are HP positive, 

and a benefit in overall survival was reported after active 
eradication [31–33].

On the other hand, patients who underwent surgical resec-
tion for GC are reported to have had no favorable results to 
date regarding on preventing cancer recurrence or improving 

Table 2  Multivariate analysis regarding clinical and pathological factors associated with gastric cancer-specific mortality

Cox proportional hazards model was used for uni- and multivariable analyses; P < 0.2 were used for multivariable analyses
Reference: HP, Helicobacter pylori; cHR, crude hazard ratio; CI, confidence interval; aHR, adjusted hazard ratio
Bold style indicates statistical significance

Factor n Univariable analysis Multivariable analysis

cHR (95% CI) P-value aHR (95% CI) P-value

Sex
 F 364 Ref
 M 667 0.91 (0.58–1.44) 0.696

Age
  < 60 535 Ref Ref
  ≥ 60 496 1.60 (1.02–2.50) 0.040 1.52 (0.96–2.42) 0.078

Operation method
 Billroth-I 641 Ref Ref
 Billroth-II 316 1.85 (1.18–2.90) 0.007 1.23 (0.78–1.94) 0.372
 Proximal gastrectomy or wedge resection 74 0.45 (0.11–1.88) 0.276 0.92 (0.22–3.82) 0.903

Family Hx
 No 854 Ref
 Yes 177 0.86 (0.46–1.59) 0.626

Smoking Hx
 No 570 Ref
 Yes 461 1.31 (0.84–2.03) 0.233

Alcohol Hx
 No 534 Ref
 Yes 497 0.99 (0.64–1.54) 0.964

Atrophic gastritis
 No 743 Ref
 Yes 288 0.99 (0.60–1.61) 0.958

Intestinal metaplasia
 No 592 Ref
 Yes 439 1.00 (0.64–1.55) 0.981

Histologic type
 Intestinal 542 Ref Ref
 Diffuse 436 2.17 (1.36–3.46) 0.001 1.57 (0.96–2.55) 0.072
 Mixed 53 1.08 (0.33–3.57) 0.895 0.91 (0.27–3.03) 0.879

Final cancer stage after surgery
 I 785 Ref Ref
 II 156 12.45 (6.33–24.49)  < 0.001 9.33 (4.70–18.54)  < 0.001
 III or more 90 38.69 (20.23–74.03)  < 0.001 26.17 (13.37–51.21)  < 0.001

Adjuvant chemotherapy
 No 825 Ref
 Yes 206 0.72 (0.39–1.33) 0.292

HP eradication
 Successfully eradicated 451 Ref Ref
 Eradication failure or not treated 580 6.66 (3.33–13.33)  < 0.001 3.41 (1.68–6.94) 0.001
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survival. Thus there have been no set guidelines for HP erad-
ication after surgical treatment of GC. Several studies have 
reported that patients with an HP-seropositive status had a 
better prognosis and that HP negativity was an independ-
ent prognostic factor for relapse-free survival and overall 

survival in the analyses of surgically treated patients with 
GC [3–5, 34]. However, in a recent study in Korea, there 
were no statistically significant differences in long-term sur-
vival in a prospective randomized HP eradication trial with 
169 patients with GC after distal gastrectomy. The authors 

Table 3  Multivariate analysis regarding clinical and pathological factors associated with gastric cancer recurrence

Cox proportional hazards model was used for uni- and multivariable analyses; P < 0.2 were used for multivariable analyses
Reference: HP, Helicobacter pylori; cHR, crude hazard ratio; CI, confidence interval; aHR, adjusted hazard ratio
Bold style indicates statistical significance

Factor n Univariable analysis Multivariable analysis

cHR (95% CI) P-value aHR (95% CI) P-value

Sex
 F 364 Ref
 M 667 0.87 (0.53–1.43) 0.579

Age
  < 60 535 Ref
  ≥ 60 496 1.14 (0.71–1.85) 0.584

Operation method
 Billroth-I 641 Ref Ref
 Billroth-II 316 1.95 (1.19–3.20) 0.008 1.35 (0.82–2.24) 0.238
 Proximal gastrectomy or wedge resection 74 0.58 (0.14–2.40) 0.450 1.15 (0.27–4.88) 0.845

Family Hx
 No 854 Ref
 Yes 177 0.97 (0.51–1.85) 0.918

Smoking Hx
 No 570 Ref
 Yes 461 1.37 (0.84–2.22) 0.204

Alcohol Hx
 No 534 Ref
 Yes 497 0.94 (0.58–1.53) 0.803

Atrophic gastritis
 No 743 Ref
 Yes 288 0.82 (0.47–1.44) 0.493

Intestinal metaplasia
 No 592 Ref
 Yes 439 0.86 (0.53–1.41) 0.558

Histologic type
 Intestinal 542 Ref Ref
 Diffuse 436 2.39 (1.43–4.00) 0.001 1.61 (0.95–2.72) 0.076
 Mixed 53 0.90 (0.21–3.82) 0.885 0.78 (0.18–3.36) 0.742

Final cancer stage after surgery
 I 785 Ref Ref
 II 156 9.08 (4.57–18.03)  < 0.001 7.08 (3.52–14.23)  < 0.001
 III or more 90 28.49 (14.88–54.53)  < 0.001 19.64 (9.99–38.63)  < 0.001

Adjuvant chemotherapy
 No 825 Ref Ref
 Yes 206 0.55 (0.26–1.14) 0.109 0.57 (0.27–1.19) 0.131

HP eradication
 Successfully eradicated 451 Ref Ref
 Eradication failure or not treated 580 5.04 (2.57–9.90)  < 0.001 2.70 (1.35–5.38) 0.005
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pointed out that in previous studies, the HP-negative status 
group likely included heterogeneous patients who were ini-
tially negative for HP infection or those whose HP infection 
disappeared because of the advances of severe atrophy or HP 
treatment [35]. Similarly, HP-unassociated GC represents 
only 2–10% of all GC cases in Japan [36], and the propor-
tion of patients who are truly HP negative was extremely 
low in regions like Korea, due to the high prevalence of HP 
[37]. In addition, those previous studies were conducted with 
relatively small numbers of patients, and the effect of HP 
eradication was not evaluated.

In the present study, when the effects of the eradication 
of HP on overall survival, GC-related survival, and recur-
rence of GC after surgery were analyzed in big cohort with 
long-term follow-up, the benefits of overall and GC-specific 
survival were observed in the HP-eradicated group even 
after PSM. Furthermore, HP positivity was an independ-
ent risk factor for GC-specific death and cancer recurrence. 
There might be several reasons for this. First, HP plays an 
important role in the recurrence of GC, so HP eradication 
reduced the recurrence of GC in patients treated with endo-
scopic resection of GC, naturally leading to improved sur-
vival [6, 7]. Second, several recent studies have reported on 
the systemic effects of HP, such as hypertension and hyper-
lipidemia. This is supported by a report describing survival 
improvement after HP eradication in patients with hyperten-
sion [38], and an independent role of HP in the pathogen-
esis of metabolic syndrome [39]. There are other reports 
about the contribution of HP to arterial stiffness [40], and 
non-alcoholic fatty liver disease [41]. The decrease in these 
extra-gastric effects of HP after eradication might contribute 
to survival improvements. Third, although we matched the 
baseline clinical characteristics of both groups using PSM, 
it is still possible that there were differences between the two 
groups in key details. HP tests and eradication treatments 
may have been actively conducted in patients who were in 
relatively good physical condition, who were thought to be 
able to withstand the side effects of antibiotic treatment such 
as gastrointestinal disorders, and who had good systemic 
conditions and an active willingness to treat. Finally, this 
promising result might be originated from the high propor-
tion of stage I (76.3%) in this GC cohort and because the 
outcome of GC in Koreans was highest in the world [26]. 
However, when we performed sub-analysis in the EGC and 
AGC separately to evaluate this point the benefit of HP erad-
ication looks like to be relatively higher in the AGC than 
that of EGC. As the 5-year survival rate of EGC patients is 
over 95% in Korea it could be interpreted that the benefit of 
HP eradication in AGC patients contributed a difference in 
whole GC patients in the present study.

This study has a limitation. That is, this study was not 
a prospectively-designed study, and the analyses were 
based on patient clinical records from a single institution, 

rather than a double-blind and randomized control study. 
However, from the opening of the hospital in 2003, the 
gastric surgery team at SNUBH made a surgical cohort 
for GC patients who received surgical treatment. They col-
lected the information on all patients with GC such as the 
clinical cancer stage, death, recurrence, and medical and 
social history in the digital system, and the patients were 
followed-up prospectively by the same protocol and the 
medical records of these patients are considerably accu-
rate. In addition, about 37% (514 out of 1379) of par-
ticipated patients were coincided with the pool of medical 
cohort, in which enrollment was performed by NK at the 
diagnosis of GC through endoscopy. In spite of this back-
ground patients enrolled in this study may have different 
rates of HP examinations and HP treatment depending on 
their clinician’s preferences, but NK usually performed 
the HP tests in the same protocol and HSL (the patholo-
gist) interpreted the HP tests in a consistent manner. To 
rule out the possible heterogeneity many GC patients with 
uncertain HP status was excluded in certain criteria. In 
addition, initial HP eradication was performed by the sur-
geon with proton pump inhibitor-(PPI)-based triple ther-
apy, but when there was an increase in the failure of HP 
eradication, they consulted with NK. We analyzed patients 
who received HP eradication therapy within 2 years after 
surgery, and patients did not follow this eradication pro-
tocol were excluded to avoid the immortal time bias. And 
considering the possibility of bias that the high rate of 
EGC affected survival, we confirmed that the proportion of 
EGC and AGC of the enrolled patients is consistent with 
previous surveys of Korea [26, 27]. In addition, additional 
analysis was performed according to the type of GC to 
confirm that there is a benefit of survival in both EGC and 
AGC groups. Finally, we also cross-checked the death of 
patients by comparing the data of the National Statisti-
cal Office, and tried additional analyses using PSM, to 
overcome the limitations and ensure the accuracy. PSM 
is used to match patients with a similar distribution of 
confounders so that the difference in outcomes gives an 
unbiased estimate of treatment effect thereby increasing 
between-group comparability [42, 43]; therefore, it is 
increasingly being used in observational studies recently, 
especially when a randomized control trial is difficult to 
perform [44, 45].

In conclusion, this study is the first to report a survival 
improvement after HP eradication in patients treated with 
surgery on a larger scale and with long-term follow-up data. 
These results suggest that the indication of future HP treat-
ment guideline could be extended and that intensive screen-
ing and treatment for HP should be conducted in patients 
undergoing surgical treatment of GC regardless of cancer 
stage.
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